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Abstract

To find out the behavioral character and the distribution type of fishes around
bottom cage systems, investigations were carried out by diving observation in the
coastal area of Hwabuk and Samyang, the north of Jeju Island, from December
2000 to December 2001. The purpose of this study is to obtain basic data as the
function of artificial reef of the bottom cage system where abalones are reared
underwater.

During the period of experiments, a total of 43 species (36 genus, 26 families and
6 orders) were identified around the cage system. Among the 6 orders,
Perciformes (29 species, 23 genus, 17 families), Tetraodontiformes (5 species, 5
genus, 4 families) and Scorpaeniforms (6 species, 5 genus, 2 families) were the
dominant fish fauna in this experimental area.

The number of individual fish per month was higher in high temperature period
than in low one, showing a peak in September as 32 species, and the lowest in
March as 6 species.

Dark-banded rockfish(Sebastes inermis), barface cardinalfish(Apogon semilineatus),
footballer(Microcanthus - strigatus), japanese parrotfish (Oplegnathus fasciatus),
coralfish(Chromis notatus), multicolorfin rainbow fish(Halichoeres poecilopterus),
motleystripe rainbow fish (Halchoeres tenuispinnis), bambooleaf wrasse
(Pseudolabrus japonicus), cocktall wrasse(Pteragogus flagellifer) and filefish
(Stephanolepis cirrhifer) all appeared in each observation site.

Fishes were classified into three types according to their distribution location that
they gathered near the cage systems.

It was observed that fishes which appeared around the bottom cage systems
used the cage systems as the place for refuge, foraging place or habitat according
to each kind of fish. The results of this study show that the experimental bottom

cage systems acted as the function of the artificial reef.

_vi_



)

A

vt e el Al

H

el

=

X

el
00
TO

[e;

oA &

o=
==

3

e A

Al
2]

SPHA 13k A

= AeAZE Wst

o

Eil

A

o

I~

=] 2

B

X

il
e
5

N
S

03
&

o))
i

laares
o

)
o

I+
o
~
B
el
I+

o
oy

)

)

of ubeh Ao} Falstel vha, 8o

ol

EEl

wEo] SUARE Q7 119979 els) AF el 914

B
£

R

gl
oW

2

~

3h

)

o]
PR

<
T

A8

I

2 e SAAES] Sl

=
=

gt Gofol A of
A A 2sle] A A ik

o As sl BAH A% Abe] AgHUATE A

B

)

T

=
8

FgolA ol T T

A8 8F¥=

/Ko]

3

9

il

ol

A
il

Ho
o

)

ToR

o))

e

oj

S

)

——
o

SHCNIL 1968, §F F5 1999, A, 1999), It E

;on#

o
-
N

Ho

0

s, 1992),

T S, 1986),

bl

3

1l 2] o]

s}

Beol] A At Ae)A

, 1998) 5 theFsh

<

2001), ol o] AFEAA A 5, 1981,

o
N

Ho

o

s, 1993; °] &, 1999; 74 ti, 2000)

of tg A+ (d

=

Ao o

ﬂ_

=0

[e]

, 1999)3} t}

&



ditdow HAE ¢F FE=d dalds AFzARA, 1983), Al <
g ZAHSantos et al, 1997; = 5, 1997), ol @A 7]ol o] g ZARA, 1983), EA
W (e, 1978), AbsAIS710 o3k 2ARMA, 1989)%5 2] W oR of 74, ofi
ARAY & dotste] AREAE AASL U dEolxe AFE ﬁﬁﬁﬁ}‘—ttﬂ
ofx = ARt 2AH dAEHow FoFE FAs= AT 2AE DadAR

A
19 Aol ol go] Wel AF7AAE GRAQ EAbel X A9 @kt

FN

O

38

>

LIt fe AR, 1998).
2 dre AFE sued A vheolFel AAF #HAY bR FRd Ed

e ZAGORA AT AR AT FAN LT Y AT zEA Y R



o. A= 2 Uy

LAY A% N2 e

Fig. 1. Schematic diagram showing the bottom cage system during the experimental

period.
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Table 1. Concept dimension of the bottom cage system

Item Size (mm) Material
Total length 2500
) stainless angle
Frame | Total width 1010 . .
stainless wire
Total height 1090
Rearing | Total length 1000
THP pipe
cage Diameter 450
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Fig. 2. Map showing the experimental area. Solid circles indicate the installation
site of the bottom cage system.
H : Hwabuk, HW : Hwabuk west fishing village cooperatives,
HE : Hwabuk east fishing village cooperatives, S : Samyang,

SV : Samyang fishing village cooperatives.
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Table 2. Environmental condition on each observation site

Observation . Number Depth ) Condition of
site Installation date of set (m) Rearing date bottorm
H-A Mar. 02, 2000 8 140  Mar. 2000~ Rock(flat)
H-B Aug. 05, 2000 7 13.0  Nov. 2000~ Rock(flat)
S-A Apr. 01, 2001 5 12.0 Apr. 2001~ Rock(flat)
S-B Jun. 06, 2001 5 11.0 Jun. 2001~ Rock(flat)

SV Aug. 01, 2001 8 7.0 Nothing Rock(rugged)
HE -1 July. 21, 2000 4 12.0 Dec. 2000~ Rock(flat)
HE - 2 Feb. 13, 2001 4 7.0 May. 2001~ Rock(flat)
HW -1 July. 25, 2000 4 12.0 Nothing Rock(flat)
HW - 2 Apr. 23, 2001 4 7.0 May. 2001~ Rock(rugged)
Pyoseon Aug. 2000 1 12.0 Nothing Rock(flat)
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Table 3. Environmental condition by each photography observation time during

experimental period

Observation Main . water  weather
No. Date location Time temp.(C) condition
1 Dec. 12, 2000 Pyoseon 11:00~11:50 18 fine
2 Dec. 13, 2000  Hwabuk 14:00~14:50 18 fine
3 Jan. 28, 2001 Hwabuk 11:20~12:00 16 cloudy
4 Apr. 23, 2001  Hwabuk 10:30~11:20 16 fine
5 Apr. 25, 2001 Hwabuk 15:19~16:02 15 fine
6 Apr. 26, 2001  Samyang  11:25~12:31 155 fine
7 May. 02, 2001 Hwabuk 13:14~14:47 16 cloudy
8 May. 12, 2001  Hwabuk 13:00~13:50 17 cloudy
9 May. 13, 2001 Hwabuk 11:30~12:06 18 cloudy
10 Jul. 30, 2001 Samyang 06:44~08:15 23 fine
11 Sep. 05, 2001 Hwabuk 11:10~11:50 23.5 fine
12 Sep. 15, 2001  Samyang  10:39~11:50 22 cloudy
13 Oct. 27, 2001 Samyang 13:46~14:46 195 fine
14 Nov. 07, 2001 Pyoseon 15:10~15:50 18.8 cloudy
15 Nov. 08, 2001  Hwabuk 14:00~14:48 17.8 cloudy
16 Nov. 13, 2001 Hwabuk 14:30~14:56 18 cloudy
17 Dec. 03, 2001 Hwabuk 13:52~14:25 16.8 fine
18 Dec. 07, 2001 Hwabuk 16:00~16:50 16 fine
19 Dec. 08, 2001 Samyang 10:00~10:50 16 fine
20 Dec. 28, 2001 Samyang 13:00~13:50 145 cloudy
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Fig. 4. Pictures of abalone, Haliotis discus, rearing in the experimental bottom

cage system.
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Fig. 5. Diver's images working around the bottom cage system.

_12_



2. E9€F

=

A=/

1) &3 4F =

o
p

S

r (

ZALZIZE F]bel AA A AbE Al2®l o] ZHT o]F 2 F 6H 26F 36/% 43fE
S® gEd 2o

Order Clupeiformes o=
Family Engraulididae & X] 2}

Engraulis japonicus (Houttuyn) |

Order Zeiformes & il7] %
Family Zeidae & 117] 3}

Zeus faber Linnaeus ©il7|

Order Scorpaeniformes 4 o] &

Family Scorpaenidae 923}
Hypodytes rubripinnis (Temminck et Schlegel) 7] X]
Pterois lunulata Temminck et Schlegel & vl 73
Sebastes inermis Cuvier £
Sebastes pachycephalus Temminck et Schlegel &2}
Sebastiscus marmoratus (Cuvier) %4 o]

Family Hexagrammidae # X 2iw=]3}

Hexagrammos otakii Jordan et Starks | %= 2|1

Order Perciformes & o] %
Family Serranidae #}2]3}
Epinephelus bruneus Bloch A}v}E]
Epinephelus septemfasciatus (Thunberg) & ©]
Family Apogonidae 2% 3}
Apogon doederleini Jordan et Snyder A& 4 AH] =
Apogon semilineatus Temminck et Schlegel & % 3}&
Family Carangidae %73 <]}

Seriola quinqueradiata Temminck et Schlegel Ho]
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Trachurus japonicus (Temminck et Schlegel) 7§ ¢]
Family Sparidae =73}
Pagrus major (Temminck et Schlegel) %%
Family Chaetodontidae 4] 3L7] 2}
Chaetodon auripes Jordan et Snyder WH]i17]
Chaetodon wiebeli Kaup #18]Z1}8] 117)

Family Pomacanthidae % =& 3}

o
N

Chaetodontoplus septentrionalis (Temminck et Schlegel)
Family Kyphosidae 3=7+4 o]}
Girella punctata Gray ® ol &
Microcanthus strigatus (Cuvier) ¥
Family Oplegnathidae &% >
Oplegnathus fasciatus (Temminck et Schlegel) &%
7.

o=

Oplegnathus punctatus (Temminck et Schlegel) &5

Family Cheilodactylidae t}& 72 3
Goniistius zonatus (Cuvier) °}&& 7}
Family Pomacentridae A2 & 3}
Chromis analis (Cuvier) =% 42 &
Chromis notatus (Temminck et Schlegel) =2 %
Pomacentrus coelestis Jordan et Starks &%
Family Labridae = @7] 3}
Choerodon azurio (Jordan et Snyder) 8%
Halichoeres poecilopterus (Temminck et Schlegel) &&= 7]
Halchoeres tenuispinnis Gunther =2 7]
Pseudolabrus japonicus (Houttuyn) 33 7]
Pteragogus flagellifer (Valenciennes) ©] &5 7]
Family Pholididae < wl %= 2}] 2}
Pholis nebulosa (Temminck et Schlegel) #|x=2}%]
Family Blenniidae % ®|%=2}x] 7}
Petroscirtes breviceps (Valenciennes) 7= 8l =2} %]
Family Gobiidae 5 o]}
Sagamia geneionema (Hilgendorf) ¥}=HE4
Family Ephippidae &3]3}
Platax pinnatus (Linnaeus) #|¥] %]
Family Siganidae =7} X] 3}

Siganus fuscescens (Houttuyn) =714 3|
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Family Scombridae 1% ¢ 3}

Scomber japonicus Houttuyn 115 ¢]

Order Pleuronectiformes 7}AFn] &
Family Paralichthyidae ‘g =] 7}

Paralichthys olivaceus (Temminck et Schlegel) ‘g X

Order Tetraodontiformes o] %
Family Monacanthidae # X] 3}
Stephanolepis cirrhifer (Temminck et Schlegel) # %]
Thamnaconus modestus (Gunther) & %]
Family Ostraciidae 7] &3}
Ostracion immaculatus Temminck et Schlegel 5%
Family Tetraodontidae #+& 3}
Canthigaster rivulatus (Temminck et Schlegel) =
Family Diodontidae 7}A] &3}

Diodon holocanthus Linnaeus 7} &

ZArE 619 oF T Fof [l (Perciformes)e] 17FF 23 29fie =2 7H @k, th
S 02 Ho]H(Tetraodontiformes)o] 4Rl 5 5ffi, ¥¥ o] H(Scorpaeniformes)e] 2F}
Sl 6ffo = e TH(Table 4).

FE=  7bd gYgs Fo] =ds FE  gFEpH(Scorpaenidae)®t =7 B
(Labridae)7} 242} 5ffi, #}2]i5Fl(Pomacentridae)”} 3ffi% &3t om 1 219 ofF
= 124 EdAt
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Table 4. Number of orders, families, genera and species of the fishes observed

around the experimental bottom cage system

Class Orders Families Genera Species
Actinopterygii Clupeiformes 1 1 1
Zeiformes 1 1 1
Scorpaeniformes 2 5 6
Perciformes 17 23 29
Pleuronectiformes 1 1 1
Tetraodontiformes 4 5 5
1 6 26 36 43
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Wk olm] HaE Heksk gHkx| Ao sHFElE AJAS Ay AE 7)o E =
7159k vte &4 (Sagamia geneionema) 5 A5 o]F o] FEEASoU AJ7to] H
¥} 3t F X (Stephanolepis cirrhifer), V94X (Hypodytes rubripinnis), ==3% %5

;?;

B2 ofFo] AT YR IFH o] FAHS Table 59 e AT

AL 71 T ddEE 89l 22ff, 99l 32Mio R AT Bkoen 249 9
fii, 3€ol 6ficz FdAFTT7F 71 A A (Fig. 6). =% (Oplegnathus fasciatus), A&
= (Chromis notatus), +X=#7](Halichoeres poecilopterus), ¥ @|7](Halchoeres
tenuispinnis), 37| (Pseudolabrus japonicus), ©# = 7|(Pteragogus flagellifer),
AA & 7Y Aol Ax F=dsta AAT

EAAe 9 =38 AL AyEd 2000 1290 Wl E(Girella punctatus) 73

o] #do] 75y WolA #FHJ I 20019 1€ 2¥d = EZH(Sebastes inermis)
I 2Fo 95 32 2~-3vtE]7)l JtFE FHE f935te Bl #TEHIT 3¢9

=)
W H X (Thamnaconus  modestus) w3 o] BEEA, 49ol&=  =7FHA A (Siganus
fuscescens), W& (Microcanthus strigatus), 5%, A&, 23 S #+Ho| &z o

14, 24, 340l nlste] 2dF57F S7kskar vk 54l Adlwol 2 £ ¥

ﬂl

i=]
Aot ar dH A B A= H(Chaetodontoplus septentrionalis), 22 fo] o] &
datdirh. 6dole= Agwd sd7IF7 v Fdea, 7ol A =dhE

(Apogon semilineatus)©], 892 949 o|Fo= 7t AH< FHA G d7yo]
(Trachurus japonicus)®t & =38ts w3 l, 54 (Epinephelus septemfasciatus)<t ©}F
57 el(Goniistius — zonatus), 35 (Pomacentrus — coelestis), 12| & 1] a17]
(Chaetodon wiebeli) 3 Yol ZdstAth 1090+ =58y 1% FEu=
X (Petroscirtes  breviceps), AWV X (Platax pinnatus), 3197

lessoniana)7} #Z = Atk 1193 129 d7dolef Agls o] #FHAL DLy
(Zeus faber)®} F71A1A], T2 EetA] ol =ds3)
53] F20] 20Teldo= FAHNGE 745 H=
telE5s HEste] B2 oFso] FA~F vy & ol FI3d=

Ze 5 Al

P

=

N
e
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Table 5. Monthly occurrences of fishes observed around the bottom cage system

from December 2000 to December 2001

Spec1es nth |Dec [Jan |Feb |[Mar |Apr |May|Jun |Jul [Aug |Sep|Oct |Nov |Dec

(@]

Engraulis japonicus O

Zeus faber O

Hypodytes rubripinnis O oo

Pterois lunulata

Sebastes inermis oOlO| O o | O O

Sebastes pachycephalus O | O

O|0|0|0]0

Sebastiscus marmoratus O

Hexagrammos otakii

Epinephelus bruneus

Epinephelus septemfasciatus O

(@]

Apogon doederleini

Apogon semilineatus oOlO| O ol O

(@]

Seriola quinqueradiata

Olo|O|O0|O|0l0|O|0|O|0]0O

Trachurus japonicus

Pagrus major @]

(@]

Chaetodon auripes

Chaetodon wiebeli

Chaetodontoplus septentrionalis @]

Girella punctata @]

Microcanthus strigatus oOlOoO| O

olo|Oofo
olo|ofo

Oplegnathus fasciatus =l &= & © | O=ly O

Oplegnathus punctatus

Goniistius zonatus

Chromis analis

Chromis notatus oOlO| O oO|O| O

(@]
(@]
(@]
(@]

olo|ofojo|o|0|0[0]|0O

olo|ofo

(@]

Pomacentrus coelestis

Choerodon azurio

Halichoeres poecilopterus

Halchoeres tenuispinnis

Pseudolabrus japonicus

olo|Oofo
olo|ofo
olo|ofo
olo|ofo
Oolo|0|0]0
olo|ofo

Pteragogus flagellifer

Pholis nebulosa

olojofo|ofo
olo|jofo|ofo
olo|jofo|ofo

Petroscirtes breviceps

(@]
OlO0]|O|0|0|0]|0O
Ol0]|0|0|0|0O|0]0

Sagamia geneionema

(@]

Platax pinnatus

(@]
(@]

Siganus fuscescens O] O

Scomber japonicus @]

Paralichthys olivaceus O

Stephanolepis cirrhifer oflo]| o olo|lo|lol oflojlo|loOo]| O

Thamnaconus modestus O Ol O O O

(@]
(@]
(@]

Ostracion immaculatus O

Canthigaster rivulatus O

Diodon holocanthus O

Sepioteuthis lessoniana O O | O

Paroctopus dofleini oo (@] o | o @]

Number of species 131111 96 |13]12|10|19] 22 [32|21 20|21
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Number of species

12 1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 6. Variation of the species number of fish observed around the experimental

bottom cage system.
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Table 6. Composition and number of fish species found near the each observation

site

Number of

Observation site Species composition .
species

Zeus faber, Hypodytes rubripinnis, Sebastes inermis,
Epinephelus bruneus, Epinephelus septemfasciatus,
Apogon semilineatus, Trachurus japonicus, Pagrus major,
Chaetodontoplus septentrionalis, Girella punctata,

H- A Microcanthus strigatus, Oplegnathus fasciatus,
Oplegnathus punctatus, Chromis notatus, Choerodon azurio, 25
H-B Halichoeres poecilopterus, Halchoeres tenuispinnis,
Pseudolabrus japonicus, Pteragogus flagellifer,
Platax pinnatus, Siganus fuscescens,

Scomber japonicus, Paralichthys olivaceus,
Stephanolepis cirrhifer, Thamnaconus modestus

Hypodytes rubripinnis, Pterois lunulata,
Sebastes inermis, Epinephelus septemfasciatus,
Apogon doederleini, Apogon semilineatus,
Seriola quinqueradiata, Trachurus japonicus,
S-A Microcanthus strigatus, Oplegnathus fasciatus, 19
S - B Chromis notatus, Halichoeres poecilopterus,
Halchoeres tenuispinnis, Pseudolabrus japonicus,
Pteragogus flagellifer, Pholis nebulosa,
Petroscirtes breviceps, Siganus. fuscescens,
Stephanolepis cirrhifer

Apogon semilineatus, Chromis notatus,
Pomacentrus coelestis, Halichoeres poecilopterus,
SV Halchoeres tenuispinnis, Pseudolabrus japonicus, 9
Pteragogus flagellifer, Pholis nebulosa,
Stephanolepis cirrhifer

Sebastes inermis, Sebastes Pachycephalus,
Sebastiscus marmoratus, Epinephelus bruneus,
Epinephelus septemfasciatus, Apogon semilineatus,
Seriola quinqueradiata, Trachurus japonicus,
HE -1 Chaetodon auripes, Chaetodon wiebell,
HW - 1 Chaetodontoplus septentrionalis, 24
Microcanthus strigatus, Oplegnathus fasciatus,
(Mean depth 12m) |Goniistius zonatus, Chromis analis, Chromis notatus,
Pomacentrus coelestis, Halichoeres poecilopterus,
Halchoeres tenuispinnis, Pseudolabrus japonicus,
Pteragogus flagellifer, Paralichthys olivaceus,
Stephanolepis cirrhifer, Ostracion immaculatus

Engraulis japonicus, Sebastes pachycephalus,

Sebastiscus marmoratus, Hexagrammos otakii,

HE - 2 Apogon semilineatus, Girella punctata,

HW - 2 Microcanthus strigatus, Oplegnathus fasciatus, 16
Chromis notatus, Pomacentrus coelestis,

(Mean depth 7m) |Halichoeres poecilopterus, Halchoeres tenuispinnis,

Pseudolabrus japonicus, Pteragogus flagellifer,

Stephanolepis cirrhifer, Canthigaster rivulatus

Apogon semilineatus, Halchoeres tenuispinnis, 4

Pseudolabrus japonicus, Diodon holocanthus

Pyoseon
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(a)

(b) |

(c)

Fig. 7. Fishes gathered near the experimental bottom cage system at Hwabuk
A(H-A) area.
(a) : Coralfish, Chromis notatus and Footballer, Microcanthus strigatus

(b) : Coralfish, Chromis notatus and
Multicolorfin rainbow fish, Halichoeres poecilopterus

(c) : Japanese horse mackerel, Trachurus japonicus
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(a)

(b)

(c)

Fig. 8. Fishes gathered near the experimental bottom cage system at Hwabuk
B(H-B) area.
(a) : Japanese horse mackerel, Trachurus japonicus
(b) : Coralfish, Chromis notatus and Black scraper, Thamnaconus modestus

(c) : Footballer, Microcanthus strigatus
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Fig. 9. Fish’'s pictures gathering near the experimental bottom cage system at

Samyang(S) area.
(a) : Japanese horse mackerel, Trachurus japonicus
(b) : Footballer, Microcanthus strigatus
(c) : Coralfish, Chromis notatus and

Motleystripe rainbow fish, Halichoeres tenuispinnis
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(a)

(b)

Fig. 10. Fish's pictures gathering near the experimental bottom cage system at
Samyang fishing village cooperatives(SV) sea area.
(a) : Cocktail wrasse, Pteragogus flagellifer
(b) : Coralfish, Chromis notatus

(c) : Barface cardinalfish, Apogon semilineatus
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(c)

Fig. 11. Fish's pictures gathering near the experimental bottom cage system at
Hwabuk east fishing village cooperatives(HE-1) sea area.
(a) : Japanese parrotfish, Oplegnathus fasciatus
(b) : Footballer, Microcanthus strigatus

(c) : Footballer, Microcanthus strigatus
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(a)

Fig. 12. Fish's pictures gathering near the experimental bottom cage system at
Hwabuk east fishing village cooperatives(HE-2) sea area.
(a) © Young Fishes
(b) : Barface cardinalfish, Apogon semilineatus

(c) : Heavenly dameselfish, Pomacentrus coelestis
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(a)

(b)

(c)

Fig. 13. Fish's pictures gathering near the experimental bottom cage system at
Hwabuk west fishing village cooperatives(HW-1) sea area.
(a) : Barface cardinalfish, Apogon semilineatus
(b) : Coralfish, Chromis notatus

(c) : Japanese horse mackerel, Trachurus japonicus
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Fig. 14. Fish's pictures gathering near the experimental bottom cage system at
Pyoseon sea area (Depth 12m).
(a) : Barface cardinalfish, Apogon semilineatus and
Motleystripe rainbow fish, Halchoeres tenuispinnis

(b) : Barface cardinalfish, Apogon semilineatus
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Table 7. Comparison of the fishes observed near observation site(HE-1, HE-2) and

natural reef area in September 2001

Number of individuals (ind./m’)

Species observed Depth 12m Depth 7m
HE-1 Natural HE-2 Natural
reef area reef area

Sebastes inermis 1 1 0
Sebastes Pachycephalus 0 0 0 1
Apogon semilineatus 7 3 21 3
Parapristipoma trilineatum 0 0 0 3
Chaetodon wiebeli 1 1 0 0
Chaetodontoplus septentrionalis 2 0 0 0
Girella Punctata 0 0 0 8
Microcanthus strigatus 20 0 3 0
Oplegnathus fasciatus 3 ) 0 2
Goniistius zonatus 0 1 0 0
Chromis analis 1 1 0 0
Chromis notatus 0 0 31 0
Pomacentrus coelestis 1 2 10 0
Halichoeres poecilopterus 2 1 1 3
Halchoeres tenuispinnis 11 7 12 14
Pseudolabrus japonicus 1 0 1 0
Pteragogus flagellifer 2 1
Stephanolepis cirrhifer 4 2 2
Ostracion immaculatus 2 0 0

Total number of fishes 56 28 82 35

Total number of species 14 12 9 8
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Table 8. Comparison of the fishes observed near observation site HE-1 and HW-1

area in May, November 2001

Number of individuals

Species observed May. 2001 Nov. 2001
HE-1 HW-1 HE-1 HW-1

Sebastes inermis 0 1 4 3
Apogon semilineatus 0 0 0 16
Trachurus japonicus 0 0 45 32
Chaetodontoplus septentrionalis 1 0 1
Microcanthus strigatus 8 2 24
Oplegnathus fasciatus 3 0 1
Chromis notatus 26 17 37 12
Halichoeres poecilopterus 3 2 1 1
Halchoeres tenuispinnis 8 12 5 7
Pseudolabrus japonicus 8 1 2 1
Pteragogus flagellifer 1 0 1 0
Stephanolepis cirrhifer 4 1 5 1
Thamnaconus modestus 2 0 1 0

Total number of fishes 59 36 127 85

Total number of species 10 7 12 11
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A. Attach and upper habitat type;

B. Insides habitat type;

Fig. 15. Habitat type of gathering in the experimental bottom cage system.
C. Bottom habitat type.



Table 9. Species composition of the fishes according to habitat type

Habitat type

Species composition

Sebastes inermis, Epinephelus septemfasciatus,

Apogon semilineatus, Trachurus japonicus,

Insides of systems

Type A . . )
Microcanthus strigatus, Oplegnathus fasciatus,
Attach and above of .
Oplegnathus punctatus, Chromis notatus,
systems L. . Sy
Halchoeres tenuispinnis, Stephanolepis cirrhifer,
Thamnaconus modestus
Hypodytes rubripinnis, Sebastes inermis,
Type B Hexagrammos otakii, Apogon doederleini,

Apogon semilineatus, Chromis notatus,

Platax pinnatus, Pholis nebulosa

Type C
Bottom layer of

systems

Apogon semilineatus, Girella punctata,
Oplegnathus fasciatus, Chaetodontoplus septentrionalis,

Chromis notatus
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(b)

(c)

Fig. 16. Fish's pictures gathering above the experimental bottom cage system
(type A).
(a) : Barface cardinalfish, Apogon semilineatus
(b) : Black scraper, Thamnaconus modestus

(c) : Japanese parrotfish, Oplegnathus fasciatus
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(a)

Fig. 17. Fish's pictures gathering inside the experimental bottom cage system
(type B).
(a) : Black-banded blenny, Petroscirtes breviceps
(b) : Barface cardinalfish, Apogon semilineatus

(c) : Dark-banded rockfish, Sebastes inermis
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(b)

(c)

Fig. 18. Fish’s pictures gathering around bottom layer of the experimental bottom
cage system (type C).
(a) : Redfin velvetfish, Hypodytes rubripinnis
(b) : Blue-lined Angelfish, Chaetodontoplus septentrionalis

(c) : Girella, Girella punctata
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(b)

(c)

Fig. 19. Behavioral characteristic of fishes around bottom cage system.
(a) : Escape behavior of Dark-banded rockfish, Sebastes inermis
(b) : Aggressive behavior of male Threadsail filefish, Stephanolepis cirrhifer

(c) : Food competitive behavior of Rabbit fish, Siganus fuscescens
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(a)

Fig. 20. Images of fishes eating young abalone, Haliotis discus around bottom
cage system.
(a) : Bambooleaf wrasse, Pseudolabrus japonicus
(b) : Japanese parrotfish, Oplegnathus fasciatus
(c) : Threadsail filefish, Stephanolepis cirrhifer
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